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Abstract: The effects of inorganic nitrogen(N)and phosphorus (P)concentrations,N : P ratio and different
chemical forms of nitrogen on the uptake rate of N and P by Gracilaria tenuistipitata var. liui Zhang et Xia
were studied under laboratory conditions to estimate N,P removing capacity by this red alga.

G. tenuistipitata var. liui Zhang et Xia was collected at Nanshan Island ,southern China,and cultivated
in the laboratory. Apical parts of the alga were used. Nutrients were added as NH,SO,,NaNQO,,NaNO,
and KH,PO,. 1 g samples were maintained in a beaker with 250 ml seawater of 20%), salinity and pHS. 0.
The beakers were placed in an illuminating incubator. Light was provided with fluorescent tubes at a pho-
tosynthetally active photon flux density of 800 pmol/(m* + s). Samples of the alga were acclimated to the
experimental conditions for 4 hours.,and new culture medium was renewed before the nutrient-uptake was
measured. (1)Investigation of the effects of nutrient concentrations and temperature. The total N concen-
trations in the seawater for culture were adjusted to 1,5,10,50 and 100p mol/L,and N ¢ P ratio was 16 :
1,and NH/ : NO; : NO, was 4 : 10 : 1. Temperature levels were set at 16,21,26 and 31 C. There were
20 concentration-temperature combinations,and duplicate cultures and a control were maintained for each
combination. (2)Study on the effects of different N : P ratios and nitrogen concentrations. Total N con-

centrations were obtained at 1,10 and 30pmol/L with N ¢ P ratios 1,15,50,100 and 150 in each N concen-
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tration. Temperature was set at 20 C. (3)Study on different chemical forms of nitrogen. Samples were di-
vided into seven groups according to NO; : NH/ : NO, ratios 33 : 33 : 33,63 :31:6,63:6: 31,31 :
63: 6,31 :6:63,6:63:31and 6: 31 : 63,respectively. Temperature,N,P concentrations and N : P
ratio were 20 C ,10pmol/L,0. 63pmol/L and 16 : 1,respectively.

(1)Both N concentration and temperature had significant effects on the rate of N uptake by the alga.
The interactive effects between N concentrations and temperature were significant. At a constant tempera-
ture ,uptake rate of N or P increased with increased nutrient concentrations. The highest N uptake rate of
2. 58pumol/(g FW « h)was obtained at 21 C with the nitrogen concentration of 100pumol/L. On the other
hand,the N uptake rates at 21 C and 26 C were higher than those at 16 C or 31 C when N concentration
was higher that 10 pmol/L. Temperature did not influence on N uptake rate when nitrogen concentration
was less than 10pmol/L. With increased P concentrations P uptake rate increased significantly and was not
affected by temperature changes. The interactive effects were significant (P <C0. 05)between P concentra-
tions and temperature levels. P uptake rate reached as high as 0. 17umol/(g FW « h)at 31 C with the
phosphorus concentration of 6. 3umol/L. At low P concentrations,temperature insignificantly influenced
the P uptake rates. But at the concentration of 6. 3umol/L ,the uptake rate increased with increased tem-
perature. (2)At fixed N : P ratios,elevation of N concentration increased N uptake. N uptake rates were
0.081~0.113pmol/(g » h) with the N concentration of 5pmol/L ,and 0. 346~0. 429pmol/(g * h)with the
N concentration of 30pumol/L. N ¢ P ratios did not result in any significant difference in the N uptake rate
of G. tenuistipitata var. liui. There was no significant interaction among N : P ratios and N concentrations.
Both N : P ratios and nitrogen concentrations had significant effects on P uptake rates,and there was sig-
nificant interaction among N : P ratios and N concentrations. When N : P ratios were raised ,P uptake ap-
peared to decline. However,at N concentration of 30umol/L,P uptake rate was higher with N : P ratio of
15 ¢ 1 compared to that of 1 ¢ 1. At a constant N ¢ P ratio,higher N concentration brought about higher P
uptake. When N concentration was 5pumol/L or 10pmol/L,P uptake rates with N ¢ P ratios of 100 : 1 or
150 : 1 were negative. The values of N : P ratios of nutritents that were absorbed were proportionally re-
lated to the N : P ratios in medium. At 30pmol/L of N,the absorbed N : P ratio was 6.5 : 1 with the am-
bient N : P ratio of 1 ¢ 1,and it rose to 49. 7 : 1 with that of 150 : 1. (3)In the study of chemical forms of
nitrogen,the N and P uptake rates in cultures,NH ; of which was 63% of the total N,were higher than
the ones with lower NH{ levels. The uptake rate of any form of N was proportional to its existing
amount. The uptakes of NH; -N,NO; -N or NO; -N were 40.7%,28.5% and 30.8% of the total N up-
take ,respectively ,when they were set at same levels.

N and P-removing capability by G. tenuistipitata var. liui Zhang et Xia,within the range tested.de-
pended on the concentrations of inorganic N and P, their ratios and temperature. The alga could absorb
NH; ,NO; or NO; as the source of nitrogen,and appeared to prefer to NH; than other two forms of N
when they existed in equal in concentrations. G. tenuistipitata is of potentials to remove inorganic nitrogen
and phosphorus from seawater. Nutrient levels in seawater should be taken into account wherever the alga
is to be employed.
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Table 3 The effects of phosphorus concentration on P up-
take rates of Gracilaria tenuistipitata var. liui under dif-

ferent temperature

Temperature( C)

(pmol /1)
Mo 0 a w
0.063 a 0.007 —0.009 0.000 0.008
@ 0.0031 0.0129 0.0012 0.0013
0. 31 0.013 0.025 0.038 0.003
0. 0035 0.0001 0.0105 0.0044
0.63 0.028 0.033 0.033 0.019
0. 0025 0.0064 0.0010 0.0013
3.1 0. 044 0.055 0.060 0.052
0.0052 0.0171 0.0156 0.0051
6.3 0.107 0.142 0.147  0.166
0. 0280 0.0136 0.0211 0.0289
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Table 4 Analysis of variance between P uptake rates of
Gracilaria tenuistipitata var. liui under different phospho-

rus concentration and different temperature

Sum
Source  Degree of  of the Mean >
F value
of error  freedom squared  square
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3 0.00125 0.00042 2.6 =>0.05
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Table 5 The effects of N : P ratio in environment on P Table 6 Analysis of variance between N uptake rates of

uptake rates of Gracilaria tenuistipitata var. liui under dif-

ferent nitrogen concentration

Gracilaria tenuistipitata var. liui under different N.P ratio

and different nitrogen concention
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° 10 30 Source  Degree of  of the Mean | >
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Table 7 The N : P ratio of nutrient uptaken by Gracilaria

9 o
tenuistipitata var. liui under different N : P ratio and ni-
trogen concentration in environment . .
8 . 21C.26C .
[4.11]
(pmol /1) N : P ratio in environment °
Nitrogen concentration
1 15 50 100 150
5 2 7.4 °
10 5.1 6.8 45.4 s
30 6.5 5.1 9.5 40.6 49.7
b b 9’
C 1)
) C 3.
8 . (pmol/(g « h))

Table 8 The uptake rates of nitrogen and phosphorus of Gracilaria tenuistipitata var. liui under different ratio in chemi-

cal form of nitrogen

Nutrient A B C D E F G
NO;-N 0.079 0.161 0.157 0.077 0.073 0.019 0.018
+0.014 +0.007 +0.008 +0.011 +0.012 +0. 002 +0. 003
NH,-N 0.114 0. 090 0.024 0. 202 0.021 0.211 0. 087
+0.011 +0.004 +0.004 +0. 009 +0.003 +0.003 +0.003
NO,-N 0. 086 0.020 0. 081 0.019 0.157 0. 080 0.178
+0.012 =+0. 001 +0.010 +0.012 +0. 004 +0. 006 +0.018
DIN 0.279 0.271 0.262 0.298 0.251 0. 310 0. 284
+0.005 +0.009 +0.004 +0.009 +0.014 +0.001 +0.018
PO,-P 0.033 0.027 0.027 0. 044 0.031 0. 040 0. 030
=+0. 007 =+0. 005 +0.003 +0. 008 +0.003 +0. 002 +0.009
9 3 % ) s N
¥ ) ), ,
Table 9 The ratios of three forms of nitrogen in culture 100pmol /L, 21C
solution (%, DIN) and those uptaken by algae (% uptaken 2. 58umol/(h « gFW),
L Gracilaria chilensis .G. foliifera.G.
No. NO;N  NHN  NO,N hoahiae ey
A T3 33 33 \
2 285  40.7  30.8 : 16~32C oo
B 63 31 6 100pmol /L, 2. 4pmol /L ;
59.3 33.2 7.5 24.7C, . 20
C 63 6 31
5. 7 9.3 31 ~43pmol/L,0. 05~1. 56pmol/L .
D 31 63 6 N
26 67.8 6.2 s
E 31 6 63
29.1 8.2 62.7 °
F 6 63 31 3.2
6.1 68. 1 25.8
G 6 31 63 ’
6.2 30.9 62.9 ’ ’

(D ratio in culture solution (uptake ratio s
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